Three new ambuic acid derivatives, microsporols A-C (1-3) and the known compound ambuic acid (4), were isolated from the solid-substrate fermentation cultures of the plant endophytic fungus Pestalotiopsis microspora. Their structures were elucidated primarily by NMR experiments. The absolute configurations of the 6,7-diol moiety in 1 and 2 were assigned using the Snatzke's method, whereas that of 3 was deduced by circular dichroism (CD) exciton chirality method. Compounds 1, 3, and 4 showed moderate 5-lipoxygenase (5-LOX) inhibitory effects.
Plant endophytic fungi have attracted increasing attention by natural product chemists due to their diverse and unique structural characteristics which make them interesting candidates for drug discovery [1, 2] . Although the anticancer drug taxol was isolated from Pestalotiopsis microspora as early as 1996 [3] , the chemistry of this fungal species remained under-explored. To date, only a limited number of bioactive secondary metabolites have been isolated from this species. Examples include pestalopyrone [4] , pestaloside [4] , hydroxypestlopyrone [4] , torreyanic acid [5] , isopestacin [6] , and pestacin [7] . During an ongoing search for new bioactive natural products from the plant endophytic fungi, a strain of P. microspora isolated from the leaves of Corylus chinensis that were collected from Dali, Yunnan Province, P.R. China, was subjected to chemical investigation. Fractionation of an EtOAc extract prepared from a solid-substrate fermentation culture led to the isolation of three new ambuic acid derivatives, which we named microsporols A-C (1-3), along with the known compound ambuic acid (4) [8] . Details of the isolation, structure elucidation, and 5-LOX inhibitory activity evaluation of these compounds are reported herein.
Microsporol A (1) gave a pseudomolecular ion [M + Na] + peak at m/z 425.1338 (Δ +0.5 mmu), consistent with the molecular formula C 19 H 27 ClO 7 (six degrees of unsaturation). The 1 H and 13 C NMR spectra of 1 showed resonances for two methyl groups, five methylene units (one oxygenated), three oxygenated methines, one sp 3 quaternary carbon, six olefinic carbons (three of which are protonated), one α,β-unsaturated ketone carbon (δ C 191.7) and one α,β-unsaturated carboxylic carbon (δ C 168.8). These data, together with five exchangeable protons, accounted for all the NMR resonances of 1 and five unsaturations, suggesting that 1 was a monocyclic compound.
Analysis of the NMR data of 1 (Table 1) revealed the presence of the same α,β-conjugated cyclohexenone ring, 2-methylbutenoic acid unit, and heptylene side chain with different substituent group, as typically found in the co-isolated known metabolites ambuic acid (4), and its derivatives [8, 9] , which were confirmed by the 1 H-1 H COSY and HMBC NMR data. Interpretation of the 1 H-1 H COSY NMR data of 1 led to the identification of three isolated proton spin- systems, which were C-3-C-4, C-6-C-7, and C-11-C-17. HMBC correlations from H-6 to C-5, C-7, C-8, and C-10, H-7 to C-5, C-6, C-8, and C-9, and from H 2 -18 to C-7, C-8, and C-9 completed an α,β-conjugated cyclohexenone ring with an O-methylene group attached to C-8. Those from H 3 -19 to C-1, C-2, and C-3, and from H-3 to C-1, C-2, and C-19 established the 2-methylbutenoic acid substructure, with C-2 and C-19 directly attached to C-3 and C-2, respectively. In the HMBC spectrum, correlations from H 2 -4 to C-5, C-6, and C-10, and from H-3 to C-5 indicated that C-4 is connected to C-5. The HMBC cross-peaks from H-11 to C-8, C-9, and C-10, and from H-12 to C-9 led to the connection of C-9 and C-11. Considering the chemical shift of C-1, and the oxygenated nature of C-6, C-7, C-13, and C-18, as well as the unsaturation requirement for 1, the remaining five exchangeable protons were assigned to these carbons by default. Collectively, these data permitted assignment of the structure of compound 1 (Figure 1 ).
The relative configuration of 1 was proposed by analysis of its 1 H-1 H coupling constants and NOESY data. The C-11/C-12 double bond was assigned the E-geometry on the basis of the large coupling constant (16.0 Hz) observed between H-11 and H-12, and the same assignment was made for the C-2/C-3 olefin by a NOESY NPC Natural Product Communications 2015 Vol. 10 No. 10 1643 -1646 [10, 11] , and the NOESY correlation of H 2 -4 with H-6 placed these protons on the same face of the cyclohexene ring, thereby allowing deduction of the relative configuration for 1.
The absolute configuration of the 6,7-diol moiety in 1 was deduced using the in situ dimolybdenum CD method developed by Snatzke and Frelek [12, 13] . Upon addition of dimolybdenum tetraacteate [Mo 2 (OAc) 4 ] to 1 in DMSO solution, a metal complex was generated. After subtraction of the inherent CD spectrum, the observed sign of the Cotton effect in the induced spectrum of 1 originates solely from the chirality of the vic-diol moiety expressed by the sign of the O-C-C-O torsion angle. The negative Cotton effect observed at around 310 and 400 nm, respectively, in the induced CD spectrum ( Figure 2 ) permitted assignment of the 6R and 7R absolute configuration on the basis of the empirical rule proposed by Snatzke, whereas the absolute configuration of C-5 was deduced to be R by relative configuration between C-5 and C-6.
Microsporol B (2) was assigned the same molecular formula C 19 H 27 ClO 7 (six degrees of unsaturation) as 1 by HRESIMS (m/z 425.1338 [M + Na] + ; Δ +0.5 mmu). Analysis of the 1 H and 13 C NMR data of 2 (Table 1 ) revealed very similar structural features to those found in 1, except that the C-13 O-methine (δ H /δ C 4.17/72.7) and C-16 methylene (δ H /δ C 1.38/23.5) were replaced by a methylene (δ H /δ C 2.21/34.4) and an O-methine (δ H /δ C 3.74/67.4) in 2, respectively, which were confirmed by relevant 1 H-1 H COSY and HMBC data. The relative configuration of 2 was deduced to be the same as that of 1 on the basis of 1 H-1 H coupling constants and NOESY data. The absolute configuration of 6,7-diol moiety in 2 was determined to be 6R and 7R using the in situ dimolybdenum CD method ( Figure 2 ), and C-5 was deduced to have the R absolute configuration on the basis of relative configuration between C-5 and C-6.
Microsporol C (3) was assigned the molecular formula C 19 H 28 O 6 (six degrees of unsaturation) by HRESIMS (m/z 375.1778 [M + Na] + ; Δ +0.6 mmu). The 1 H and 13 C NMR spectra of 3 showed the signals for two methyl groups, six methylene units with one oxygenated, three O-methines, one oxygenated sp 3 quaternary carbon, six olefinic carbons (three of which are protonated), and one α,β-unsaturated carboxylic carbon (δ C 168.9). Analysis of its 1 H and 13 C NMR data (Table 1) revealed the presence of the same side chains and substitutions as those attached to C-5, C-6, C-7, C-8, and C-9 in 4, but the resonances for the cyclohexenone ring in 4 were different from those in 3. Specifically, the C-10 α,β-unsaturated ketone carbon (δ C 196.0) was replaced by an oxygenated methine unit (δ H /δ C 4.49/66.9) in 3, and this observation was confirmed by the HMBC correlations from H 2 -4, H-6, and H-11 to C-10. Therefore, the structure of 3 was determined as shown.
The relative configuration of 3 was assigned by analysis of its 1 H-1 H coupling constants and NOESY data. The E-geometry of C-11/C-12 double bond was assigned by the large coupling constant (16.0 Hz) observed between H-11 and H-12, and the same assignment was made for the C-2/C-3 olefin based on a NOESY correlation of H 2 -4 with H 3 -19. The near zero vicinal coupling constant observed between H-6 and H-7 revealed a cis relationship for the two protons [9] . NOESY correlations of H 2 -4 with H-6 and H-10 indicated that these protons on the same face of the cyclohexene ring. The absolute configuration of 3 was determined by the application of CD exciton chirality method. The CD spectrum of 3 showed a positive Cotton effect at λ max 258 nm and a negative Cotton effect at λ max 234 nm, which was indicative of positive chirality between the two different chromophores of α,βunsaturated carboxylic group and the conjugated olefin unit ( Figure  3 ). This result suggested the 5S,6R,7R absolute configuration for 3.
The remaining known compound 4 was identified as ambuic acid by comparison of its NMR and MS data with those reported [8] .
Compounds 1, 3, and 4 were tested for inhibitory effects against human 5-LOX at 30 μg/mL to determine their percentage inhibition. Compounds 1, 3, and 4 showed 48.32, 67.37, and 58.72% inhibition on 5-LOX, respectively. Microsporols A-C (1-3) are new members of the polyketidederived quinones, and structurally related to ambuic acid (4) [8] . Microsporols A (1) and B (2) are the first examples of naturallyoccurring polyketide-derived quinones with a chlorine substitution on the cyclohexenone ring, and differ from ambuic acid (4) by having different aliphatic side chains at C-9, as well as a hydroxy group and a chlorine attached to C-5 and C-6, respectively, instead of an epoxide moiety. While compound 3 is the C-10 ketone reduction product of 4. The known compound ambuic acid (4) has been synthesized and its probable biosynthetic pathways has also been described [14] . Biogenetically, microsporols A-C (1-3) may have been biosynthesized similarly to 4.
Experimental
General: Optical rotations were measured on an Autopol IV polarimeter, and UV data were obtained on a Unico UV-2800A spectrophotometer. IR data were recorded using a Nicolet Magna-IR 750 spectrophotometer. 1 H and 13 C NMR data were acquired with Varian Mercury 500 spectrometer using solvent signals (acetone-d 6 : δ H 2.05/δ C 29.8, 206.0) as references. The HMBC experiments were optimized for 145.0 and 8.0 Hz, respectively. HRESIMS data were obtained using an Agilent Accurate-Mass-Q-TOF LC/MS 6520 instrument equipped with an electrospray ionization (ESI) source. The fragmentor and capillary voltages were kept at 125 and 3500 V, respectively. Nitrogen was supplied as the nebulizing and drying gas. The temperature of the drying gas was set at 300 °C. The flow rate of the drying gas and the pressure of the nebulizer were 10 L/min and 10 psi, respectively. All MS experiments were performed in positive ion mode. Full-scan spectra were acquired over a scan range of m/z 100-1000 at 1.03 spectra/s.
Fungal material:
The culture of P. microspora was isolated from the leaves of Corylus chinensis that were collected from Dali, Yunnan Province, P.R. China, in August, 2001. The isolate was identified by one of the authors (X.L.) based on morphology and sequence (GenBank accession No. KR018837) analysis of the ITS region of the rDNA.
Extraction and isolation:
The fermented rice substrate was extracted with EtOAc (5 × 500 mL), and the organic solvent was evaporated to dryness under reduced pressure to afford a crude extract (5.0 g), which was fractionated by silica gel VLC using petroleum ether (PE)-CH 2 Cl 2 -MeOH gradient elution. The fraction (320 mg) eluted with CH 2 Cl 2 - [15] : Compounds 1, 3 , and 4 were tested for their inhibitory effects against human 5-LOX. The human 5-LOX enzyme was diluted 1꞉4000 with 50 mM Tris buffer (pH 7.5) containing 2 mM each of EDTA and CaCl 2 . Subsequently, 1 mL of the enzyme solution was mixed with 100 μL ATP (2 mM), 100 μL inhibitor (1 mM in Tris buffer), and 800 μL Tris buffer, and incubated in the dark at room temperature for 10 min. Then 10 μL of the substrate linoleic acid solution (20 mM in EtOH) was added to the mixture and the increase in absorbance associated with the formation of hydroperoxy-octadecadienoate (ε = 25000 M -1 cm -1 ) from linoleic acid was measured at 234 nm using a Shimadzu UV-1601 spectrophotometer.
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